In the context of climate change, greenhouse gas has aroused the general attention. In terms of supply chain management, managers tend to focus on the design of low -carbon supply chain. As the government enforced the emission trading scheme, foreign managers have considering the emission trading into the design of supply chain, while the development of emission trading is still exploring in china, and the initial allocation of the emission allowance is the first problem to solve, it's necessary to discuss the design of low-carbon supply chain considering different allocations of emission allowance under emission trading.
Introduction
In context of climate change greenhouse gas emission has aroused the general attention. In terms of supply chain management, managers have begun to pay close attention to the design of lowcarbon supply chain. Many foreign scholars embedded carbon trading into the design of supply chain. As known, emission trading is a kind of market mechanism which allows the companies to buy emission allowance from those who pollute less in order to stay below their emissions limit or cap which usually imposed by a central authority .while the development of emission trading is still exploring in china, and the initial allocation of the emission allowance is the first problem to solve, In a result, according to the existing domestic and overseas research, we propose a mix-integer programming model to formulate low-carbon supply chain.
Literature review
The low-carbon supply chain has been widely studied in response to stricter environmental regulations in recent years. At present, they can generally be divided into four categories: management the green supply chain from the perspective of low-carbon , operation of low-carbon products supply chain , management of low-carbon supply chain, carbon management of supply chain, which present various strategies and principles about how to design low-carbon supply chain. However, few studies think about using the emission trading market as a tool to quantify the design of low-carbon supply chain. The trading of emissions under a "cap-and-trade" system places supply chains mangers in a different situation compared with the traditional control approach.
First, corporations must consider the available alternatives (options) that might allow them to meet the cap. Second, they must compare the cost of adopting some of these options with the current trading price of the emissions in question.
While the design of low-carbon supply chain is almost equivalent to the design of green supply chain to some extent, and most of these studies already embedded carbon trading into the design of supply chain ,yet not comprehensive for merely considering the design of supply chain with distributing the allowance for free. In practice, the EU ETS rules specify that in the first trading period, only a small percentage of allowances may be auctioned, and at least 95% of allowances should be allocated for free. In the second period, the amount to be given away for free has to be at least 90%.Moreover, Economist believe that auction is the most efficient way of emission allowance distribution, while it would be easier for the governor to promote the emission trading scheme if the allowance are free to get for the emitters.
In summary, we believe it's necessary to combine emission trading and the allocation of allowance into the design of low-carbon supply chain.
Model formulation

model description
The proposed mathematical model focuses on studying the impact of production, transportation and warehousing activities with a carbon emission constraint. The supply chain network consists of a set of plants of various production capacities, a set of distribution centers (DCs) of various throughput capacities, a set of retailers, and a set of product types. The problem is to decide which plants and DCs to open, how the DCs are assigned to the plants, and how the DCs distribute multiple types of products to satisfy retailers' demands, in such a way that the total facility opening and products distribution costs are minimized and total carbon emission is not more than a predetermined emission cap. Retailers' demands are assumed to be deterministic, and the plants and DCs have limited production and throughput capacities. Throughout this paper, we use the words warehouse and DC interchangeably, while we use the word facility to refer to a plant, warehouse,or retailer.
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This model is formulated under the assumption that emission allowance is allocated for free. The objective function equation (1) minimizes the sum of the fixed cost, distribution costs and allowance cost traded on market. Constraint set equation (2) (6) ensures that the total carbon dioxide emission does not exceed an emission cap, which is usually determined by environmental regulations. The two new variables ( and ) that are used in constraint set equations (6)-(8) are auxiliary binary variables that take value one with positive flow between facilities, which is guaranteed by equations (7)-(8), where M refers to satisfactorily large number. Constraint set equations (9)- (10) and (11) Here we consider an allowance auction whose objective is to maximize the revenue plus the combined amounts bid by the supply chain. The new objective function equation is familiar with the original equation except the part which represents the cost of emission allowance by auction. 
